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NUTRITIONAL VALUES OF FISH-MEAL PROTEINS AND
THEIR RELATION TO PROCESSING VARIABLES

By C. R. Grau,* Neva L. Karrick, **
B. D. Lundholm,**% and R, N. Barnesix

ABSTRACT

More than 100 commercial and experimental fish meals were evaluated as sole sources of
amino acids in chick diets in an attempt to determine what variables, if any, influence the
protein quality of fish meal. It was found that the quality is influenced by the temperature of

drying and possibly by storage conditions of the meal and by moisture -plus-oil content of the
meal.,

INTRODUCTION

Many attempts have been made to relate quality of protein to variation in proc-
essing methods in the manufacture of fish meal. It is generally thought that spoil-
age, extremely high temperatures, or long times of drying and other similar treat-
ments reduced quality. That no simple relationships are involved, however, is clear
from the extensive older literature and
from a recent survey (Grau and Williams o weceom ‘;A f
1955). TIRTH
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The purpose of the present study there-
fore was to attempt to discover what proc-
essing variables, if any, are related tothe
nutritional value of the protein in fish meal.
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The general approach to the problem T
was to study meals produced from one
species of fish duringone year, note proc-
essing variables of possible significance,
determine composition of meals, estimate
protein quality of the meals by measure-
ment of the growth of chicks, and then study
the data to see if there was correlation
between the processingvariables and qual-
ity.

The data taken included the following:
date of capture of fish, condition of raw
material, method of drying the press cake,
type of meal produced, when sample was
taken, and proximate composition of the
meal. The effects of time and temper-
ature of storage on the nutritive value of
the meals also were studied.
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Fig. 1 - Battery brooder at the Poultry Husbandry Depart-
ment, University of California. Chicks are beingraised
prior to feeding an experimental diet to study protein
quality of fish meals.

MEAL SAMPLES: The fish meals used in the present work were obtained by
the U. S. Bureau of Commercial Fisheries largely from commercial plants located
along the Atlantic Coast and the Gulf of Mexico. Most of the meals were made from
whole menhaden (Brevoortia tyrannus), but two samples of haddock (Melanogrammus
%ﬁy fillet waste and two of rosefish (Sebastodes marinus) fillet waste from
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New England also were included. Nearly all of the meals were from r:egula;‘ com-
mercial sources, but a few (X-series) were produced experimentally in equipment

of pilot-plant size that had been

Table 1 - Composition of the Diets : : leased by the Bureau.
Component Lel\)'el in Diet
ercent
Mineral, choline, and glucose mixture (see below). . 10 DETERMINATION OF PRO-
;/ital;min m.ixtured(see BelaW ), oo Ao o e g TEIN QUALITY: A number of
oybean :oil,senaden 5 8a w0 e e c s Siui e (bt ae a : S
Proteinl/, crude, from fishmeal ., . . . . . . . . . . 1(2)3 (tj}:ffererll?tme;h()dost:; ehs;\iylelmbtelgrgl
Glucose, to aitotdl of 8. o, Lot NalEiain e ooty . e quality of pr n
ineral, choline, and glucose mixture: v d: the method of choic
Calcium phosph’ate, (s b TR, ot e g I‘llgg ?oer Z.lr(l);epa'rti:ular product de- »
Calcium' carbonate ¢ o' vislc bty o« s 59 s v s o
Magnesium sulfate -7 Hy0. . . . . . . e I L 0.6 pends on the use to which the
Potgssxum chlpndg T I R R 0.6 data are to be put (Grau and Car-
e s L R NS 0.2 roll 1958). In earlier studies of
Sodium. silicate: <19k o e s, s 2 . et
Aluminum sulfate - 18Hp0. . + o v v v v w ot 0. . 8'(1)74 fish meals (Grau and Williams
Ferric /éitraked oy SRt S0 sl e i st v e & :
il < 5 urc u
Manganous sulfate =Hs0! = Jn viv il sl @b & ol 0.8(3) ;.lglstslz'e Z.re)xl‘g:)e:llsdc; in :dsle{n:}li:td
Zincisulfate o 7 Holl uotic e dls slbia v a it tv e 0.0063
Copper sulfate (anhydrous). . . . . . « ¢ ¢ ¢ v . . . 0.005 otherwise was Composed of puri-
Cobaltous acetate » $Halh & & e 2 1a olle w08 0.002 fied materials. In this method,
Choline ichlomde s s v s o s = o o a = ahs > =asits 0.20 3 i id
Glucose to make atotalof . . . . . . . . ..... 10.00 all nun‘lepts e?ccept amino a.cx 8
Vitamin mixture: . o are contained in the basal diet,
Vitamin A premix (1, 000 pergraan). s o ey v . :
Vitamin D premix (1,500 ICU per gram) . . .. . . 0.1 Thls‘me.thod has _the adva'ntag;
Vitamin E premix (1 mg. per gram) (440 IU pergram) 0.1 Fha? it yields ‘rgpld.result.s an
NicoFinic o R e R i T L 0.006 indicates deficiencies or imbal-
Calpm:p (d) paxfothenate . o o e o aisis o % 5 5 4 8 0.003 ances of amino acids, but it has
ThiaminelEE HE e R al o ot e e e s 0.001 the disadvantages of not. differ
Riboflavim, s e s R e L s LN e 0.001 i/
Pyr%doxil:l T e R N R o, ot S e ety 0.001 entiating among meals that sup-
if:i;if)fe """"""""""" g'gi ply various amounts of amino
T 5 S5 S S e e e acids above the required levels
gitamin B12 ke W\ 1 .f .............. 2.000000022 and of rating as poor those pro-
lucosetomake atotalof . . . . . . ., .o o .. . . 3o &
1/ The level of fish meal used is determined by the crude protein teins that may. be deflclent ulll
(N x 6.25) content; thus, if the meal contained 60 percent pro- one or two amino aCId.S but that
tein, the level of meal would be 20 x 100 = 33.3 percent. could supply amino acids needed
60

to supplement other proteins. A

more accurate measure of
quality could be obtained by
estimating the amount of
each amino acid that is a-
vailable to the animal from
a particular source of pro-
tein. Such a measure now Lot
is beingdeveloped, but work
on it had not been started
when this investigation was
undertaken; hence the more
general method of assessing
quality was employed.
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The chick-growth meth- .

od used to determine qual-
ity of protein in the fish meals
was as follows: Newlyhatch-
ed white leghorn chicks were
fed a commercial-type start-
er mash for 11 days, and
then the heaviest and light-
est birds (about 10 percent)
were discarded. The re- Fig. 2 - The history of the storage time and nutritional value of the positive
maining birds were placed control menhaden meal, GG1-3A65.

at random into converted rat cages that housed four birds each. Four such

Lot 4
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Table 2 - Data on Samples
Codely Catch [Condition [ sy | Meal [Samples , ,
e Date2/ Mog&iﬁ«{y Method4/ Typei/ Takenb/ Protein Oil Ash Moisture | Growth Rate
Percent
....... (Bercent) i Wi = GanPa DA

EBA (haddock) 1953-54 G+ HA = = 59.3 4.9 26.0 7.9 7.
GG2-2B75 7/13 G D FS = 61.2 8.9 20.5 7.4 7.6
EBB (haddock) 1953-54 G+ = - - 53.3 | 18.9 20.9 7.3 75
GG3-3D75 7.7 G S FS - 63.3 9.4 18.5 9.0 755
GG1-1B75 7/13 G S FS FC 65.4 | 11.8 17.0 6.1 7.5
GG5-1B75 7/13 G S cs EG 6ERGI 12 16.8 582 7.4
GG1-6C65 6/20 F S FS EC 56.5 | 15.2 18.5 8.7 7.3
GH1 (rosefish) 6/21 G HA - = 63.3 | 11.4 22.4 6.3 75
GG4-1B75 7/13 G S CM | BG 613 | i1 f7 6.3 7.3
GG1-2B75 7/13 G D FS - 65.8 | 10.6 18.7 6.4 7.3
GG2-1B75 7/13 G S FS FC 66.5 | 10.6 18.3 4.7 75kl
GG8-2B75 7/13 G D CM | EG 62.5 | 10.4 19.3 6.7 7 il
GG11-3D115D 11/2 - S (13 - 64.9 9.6 18.4 6.6 7l
CP70 1/8/54 - HA CM = 58.3 6.5 23.2 9.5 7.0
GG7-3D85 8/30 e S FS FC 63.2 749 18.1 10.8 7.0
CP50 8/6/52 = HA CM = 59.5 6.1 21.2 8.2 6.9
GG4-2B75 7/13 G D cs BG 62.6 10.7 18.4 7.3 6.9
GH3 (haddock) 9/28 G+ S s = 62.7 13.0 18.1 6.1 6.9
GG5-2B75 7/13 G D CM | BG 62.8 10.3 18.8 7ol 6.8
GG6-2B75 7/13 G D CcD EG 63.0 11.4 16.7 7.0 6.8
GG7-2B75 7/13 G D & EG 61.1 10.4 20.2 7.3 6.7
GH2 (rosefish) 9/15 = HA = = 58.2 9.0 25.9 7 6.7
GG3-2B75 7/13 G D CcD BG 63.1 10.9 16.7 7.2 6.6
GG32-3A105 10/4 G HA cM = 60.3 8.6 22.8 e 6.6
GG11-3D115B 11/2 - S cs = 65.2 10.7 18.9 5.5 6.6
GGX23-105 10/18 G D FS = 61.1 3.8 19.6 11.6 6.5
GG27-3A105 10/12 G HA FS FC 58.5 6.8 24.8 8.7 6.4
GG11-3D115F 11/2 = S cs = 64.3 9.8 19.1 6.4 6.4
GG11-3D115G 11/2 = S cs - 64.5 10.3 16.2 8.6 6.4
CP71 10/26/54| G S FS - 58.2 ilal) 20.1 8.9 6.3
GG5-3D85 8/24 E S FS FC 62.1 9.2 20.5 9.6 6.3
GG6-3D85 8/30 G s FS H 63.6 9.2 175 11.6 6.3
GG9-3D105 10/18 F S CM = 63.5 11.4 18.5 6.9 6.3
GGX24-105 10/18 G D FS - 58.0 11.0 22.6 T 6.3
GG15-4D125 12/9 F HA FS FC 60.2 8.6 22.3 7.4 6.3
CP73 6/16 E HA FS = 58.4 9.8 21.6 8.0 6.2
GG3-3D85 8/24 E S FS H 62.6 9.8 20.4 8.9 6.2
GG11-3A95 8/31 G HA FS FC 54.5 9.8 23.5 9.5 6.2
GGX22-105 10/18 G D FS = 57.5 9.7 23.4 7.9 6.2
GG33-3A105 10/20 G HA CM - 61.1 8.4 21.5 8.9 6.2
GG13-3A95 8/31 G HA CM = 59.2 9.5 21.4 10.3 6.1
GG20-3A95 9/27 G HA FS FC 60.7 8.2 21.0 8.4 6.1
GG29-3A105 10/18 G HA FS FC 58.7 8.4 23.4 9.0 6.1
GG31-3A105 10/20 G HA FS FC 60.8 9.1 21.0 8.7 6.1
GG12-3A95 8/30 G HA cM ~ 59.0 9.7 21.3 9.9 6.0
GG25-3A105 10/16 G HA FS FC 60.4 7.8 23.2 7.8 6.0
GG4-3D85 8/24 E S FS H 2.8 9.1 20.0 9.5 5.9
GG7-3A85 8/30 G HA FS H 58.6 9.4 20.0 11.5 5.9
GG8-3A85 8/30 © HA FS FC 61.2 10.3 20.3 9.7 5.9
GGX3-95 9/7 - HA FS B 55.0 10.6 23.8 10.9 5.9
GG23-3A95 9/28 G HA CM = 60.2 7.9 24.0 7.6 5.9
GGX27-105 10/20 G D FS - 61.0 8.7 211 6.7 5.9
GG2-3D65 6/14 G S CcM = 60.7 11.5 21.2 6.5 5.8
GG9-3A85 8/31 G HA FS H 61.3 9.3 18.6 10.5 5.8
GGX11-95 9/28 G HA FS - 55.6 1.0 25.1 7.0 5.8
GG22-3A95 9/29 G HA FS FC 61.0 7.9 22.0 8.6 5.8
GG26-3A105 10/11 (& HA FS FC 58.6 9.5 2187 9.1 5.8
GG4-4D115 11/2 E HA FS FC 62.0 9.6 20.3 6.5 5.8
GG1-3B85 8/31 G HA FS H 59.4 9.4 18.5 12.7 5.7
GGX5-95 9/13 E HA FS = 57.4 10.1 22.9 8.6 537
GG10-1B95 9/21 & S FS FC 65.5 12.6 15.2 5.9 5.7
GGX12-95 9/29 G HA FS = 59.7 9.3 2157 8.7 5.7
GGX21-105 10/13 G HA FS = 58.1 9.6 21.6 8.9 5.7
GG1-3C105 10/26 G HA €S = 60.6 11.8 19.7 7.6 5.7
GG6-4D115 11/7 G HA FS FC 62.7 13.4 14.7 7.6 5.7
GG10-3A85 8/31 G HA FS H 62.2 9.3 17.5 10.5 5.6
GG3-3B85 8/31 @ HA FS FC 58.6 9.3 18.6 1312 5.6
GG17-3A95 9/8 = HA CcM = 62.8 7o 22.8 7.4 5.6
GGX18-105 10/11 G HA FS = 59.3 14.0 18.6 7.1 5.6
GG24-3A105 10/4 @ HA FS FC 58.6 9.1 22.9 8.6 5.5
GG12-4D115 10/27 F HA cs = 62.9 8.5 20.9 7.0 5.5
GG18-3A95 9/13 E HA FS FC 61.1 9.4 21.6 7.2 5.4
Continued on next page.
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Table 2 - Data on Samples (Contd.)

—
Condition
1 Catch Drying | Meal |Samples g ;
Codel/ Date2/ M:;r R;vlgj Mothodd/| Types/| Takeny |Frotein | Ol Ash | Moisture
. o« (Pexcent) . « &« v = « »
IGG5-3A85 8/24 S HA FS FC 53.6 11.1 24.9 10.2 5.3
IGGX10-95 9/27 G HA FS - 60.7 8.7 21,5 8.3 5.3
IGG21-3A95 9/28 G HA FS FC 59.2 7ict) 24.8 79 3.3
IGG30-3A105 10/18 G HA CM - 61.3 9.9 19.8 8.3 5.3
IGG10-3D105 10/26 G S FS - 65.2 9.5 19.4 6.3 5.3
IGG11-3D115 11/2 - S cs - 65.3 9.6 19.2 5.5 5.3
IGG5-4D115 11/2 - HA Cs . 62.2 10.2 19.8 6.9 5.3
IGG8-3D95 8/30 G S CM - 63.0 9.7 9.1 9.1 5.2
IGG19-3A95 9/21 - HA FS FC 62.0 9.1 20.4 7.4 5.2
IGGX16-105 10/6 G HA FS - 57.5 9.8 24.2 7.9 5.2
IGG4-3A85 8/24 S HA FS H 55.0 10.1 24.8 9.3 5.1
IGG6-3A85 8/22 S HA CM - 60.5 12.5 20.3 7.5 4.9
IGGX6-95 9/14 G HA FS - 59.1 8.5 21.9 8.7 4.9
GG4-3B95 8/31 G HA cM - 59.3 11.3 19.8 11.2 4.8
IGG16-3A95 9/7 - HA CM - 62.6 s 21.8 7.7 4.7
IGGX15-105 10/6 G HA FS - 56.1 12.2 23.0 6.8 4.5
IGG18-4D 125 12/9 F HA Cs - 60.2 7S 23.3 6.9 4.4
bGXlQ-lOS 10/12 G HA FS - 54.7 11.4 25.1 7.8 4.3
IGG13-4D115 11/7 G HA CM - 62.9 13.4 14.8 7.2 4.3
IGG14-4D115 11/9 - HA CM - 64.3 13.0 14.7 6.4 4.3
IGG19-4D125 11/16 E HA CcM - 62.9 3107 17.1 6.5 4.2
GG28-3A105 10/14 G HA FS FC 58.9 12.2 20.2 8.1 4.1
IGG11—4D115 11/9 - HA FS FC 65.0 13.5 14.7 5.5 4.1
IGG3-3A85 8/24 S HA FS H 53.6 12.3 27.0 8.6 3.9
IGGX20-105 10/12 G HA FS - 57.0 10.4 23.2 8.3 39
IGGX14-105 10/4 G HA FS - 55.2 16.2 22.1 6.1 3.4
|1/ All meals processed from menhaden, unless noted otherwise.
Catch date--all fish caught during 1955 unless marked otherwise.
Condition of raw material--E - excellent, G - good, F - fresh, S - spoiled.
4/ Drying method--S - steam drier, HA - hot-air drier, D - dehydromat drier.
5/ Meal type--FS - fresh scrap, CS - cured scrap, CM - cured meal, CD - cured dust.
6/ Samples taken--FC - floor cooled two hours, H - hot, bagged immediately, BG - beginning of grinding, EG - end of
grinding.

groups were randomized in racks in a room maintained at about 85° F. Twelvehours
of artificial light was available each day.

The chicks were fed diets that contained the ingredients listed in table 1. The
level of fish meal was adjusted to provide 20 percent crude protein to each diet.
Feed and water always were available to the birds. The test period lasted 8 days,
and the rate of growth was expressed as the percent gain per day. This value was
calculated for each group by dividing the gain per day by the average of the initial
and final weights and then multiplying by 100.

RESULTS AND DISCUSSION

The data for the chick-feeding tests are presented in table 2, together with proxi-
mate analyses and a condensed history of the fish-meal samples. The rate of growth
varied from 7.8-percent gain per day for meals of highest quality down to 3.4-per-
cent gain per day for those of lowest quality.

An examination of the data shows two trends. Both the drying method employed

during manufacture of the meal and the composition of the meal affected its nutritive
value.

: The fish meals were prepared in driers of several types: in hot-air driers at
high temperature and in steam driers and dehydromat driers at lower temperature.

In table 3, growth rates are tabulated according to the method of drying. All of
t}}e 15 meals that were of poor quality and resulted in low-growth rate were drie'_ﬂj. !
high temperature, whereas 76 percent of the meals of good quality were dried at 10
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temperature. These results indicate that high-temperature drying is associated
with decreasing quality of the meals. They also indicate, however, that meals of

good quality can be prepared in high-temperature driers. Accordingly, there must
be factors other

than temperature Table 3 - Comparison of Protein Quality as Measured by Growth Rate and
that affect meal of Temperature Used to Dry Meals
alit ~_ Growth Rate Low Temperature High Temperature
quality. Percent Gain per Day No. of Meals | Percent | No. of Meals | Percent
65kt 7 8(gosa)ls s i s arh o e e 19 76 6 24
aterials 5.1to 6.4 (intermediate). . . . . . 16 28 41 72
M 3.410 5.0(poor) « . & o v s . a s 0 0 15 100

making up fish
meals are liquids (moisture and oil) and solids (protein and ash). The content of

moisture plus oil, which gives a measure of the liquid-type constituents, has been
used in table 4 as a means of classifying the meals. A comparison of the meals in

Table 4 - Comparison of Protein Quality and of Amounts of Moisture -Plus-Oil Contents
| Moisture -Plus-Oil Ranges
Sk 12.0 to 16,0 Percent| 17.0 to 18.9 Percent | 19.0 o 26,9 Percent
Percent Gain Per Day No. of Meals|Percent [No. of Meals|Percent [No. of Meals |Percent
B NN GOCH) 2Ll o s e mie e e e a e =ile 10 38 13 50 3 12
Syiito G a{intermediate) o « - =« 2 v 0 o0 s .. 17 30 23 40 17 30
LS TR R S R R e S S I 2 13 3 20 10 67

three categories of moisture-plus-oil content with the meal quality is shown in table
4. Meals low in moisture plus oil tend to fall in the group yielding good growth rate
(38 percent in the good category as compared to only 13 percent in the poor cate-
gory). Meals having high moisture plus oil tend to fall in the group yielding poor
growth rate (67 percent in the poor-growth-rate group as compared to only 12 per-
cent in the high-growth-rate group). There thus seems to be some correlation be-
tween the composition of the meal as measured by moisture plus oil and the growth
rate,

A number of other possible correlations were investigated including those of growth
rate with condition of raw material from which the meal was made, with protein con-
tent, with ash content, and with meal type, but no clear-cut trends could be found.

When the menhaden meals were manufactured, one carefully processed lot was
set aside as a control. Samples of this meal (GG1-3A65) were kept at unregulated
room temperature or at 0~ F.

Table 5 - Effejct of Storage on Protein ?uality of Fish Meals S tlo st tiberhoard deumns un-
Code Initial Value Storage Time| Value After Storage til g for Bidlebiaal tonts
Percent Gain Per Day Months Percent Gain Pe.s Day 1 us.e _g ; .
0°F. 850 F, The first tests, in which the
ggi’zlg;g ;g’; g: 75-71** 56~02: meal was used as a positive
GG3-3D75 7.5 70 6.9 6.2 control, revealed it to be an ex-
GG5-1B75 7.4 7 5.9 5.9 cellent source of protein. Dur-
CG4-1875 7.3 7 6.7 5.3 ing the succeeding months, how-
ey Ze3 ? &1 7 the quality decreased, as
GG1-2B75 7.3% 2% 6.7% 6.9% Evehs UL s
GG2-1B75 Fiod 7 6.9 6.4 is shown in figure 1.
GG8-2B75 Tl 7 7.0 Sed
Spcf’_ms Z»,‘g ; 2'78 ;g During the course of this
GG6-2B75 6.8 7 7.0 5.9 research, four different lots of
gg;-ms 6. 8% o 6.6% 6.9% the standard menhaden meal
R i . dir 61| (GG1-3A65) were used. The
CP71 6.3 7 6.1 5.9 growth results with these four
?73 2-2 ;* gg* g-g* lots are shown in figure 2, to-
verage ) . . : i o
tm-months Rotaae: coniited Tom, average. gether with data on time, tem

perature, and place of storage.
Meals were not kept at 0° F. while being shipped from College Park, Md., to Davis,
Calif, The results indicate that storage at unregulated room temperature was harm-
ful to the first lot of meal. The other lots showed less adverse effect of sforage,

but those stored at room temperature were not as good as were those kept at 0~ F.
These data are only indicative, but they do suggest the advisability of testing further
the effects of storage temperature on quality.
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The possible adverse effects of storage on protein Cguality were studied direct-
ly by taking a series of meals that had been stored at 0~ F. from the time of manu-
facture in June 1955 until June 1956, when the samples were divided. One-hglf of
each sample was stored at 0~ F.; and the second half, at a temperature of 85" F.
Four of these pairs were fed after 2 months; the others, after 7months. The growth
results, which are presented in table 5, show that although some of the meals de-
teriorated at the elevated temperature, others either were not changed in value or,
even after having deteriorated, contained protein of higher quality than the diet re-
quired. More critical tests are needed to establish the nature of the observed effect.

CONCLUSIONS

1. The results of using a large series of fish meals as the sole source of amino
acids in chick diets revealed a variation in protein quality.

2. A correlation has been shown between higher drying temperature used in
manufacturing meals and a lowering of protein quality, as measured by growth rate
of chicks fed these meals; but other factors must be important because some meals
dried at high temperature were of good quality.

3. There appears to be some correlation between growth rate of chicks and com-
position of meals as measured by moisture-plus-oil content. This indication needs
further study.

4. There also appears to be a correlation between protein quality and the dura-
tion and temperature at which the meal was stored after manufacture. Again, this
possible correlation must be confirmed by additional work before it can be consider-
ed as being definitely established.

SUMMARY

More than 100 fish meals were studied as sole sources of amino acids in chick
diets in an attempt to determine if variables during processing are related to pro-
tein quality of the final product. For most of these variables, no correlation could
be established. A relationship between drying temperature during the manufacture
of the meal and the resulting growth rate when the meal was fed, however, was in-
dicated. Some indication also was obtained that growth rate of fish meals may be
related to meal-storage conditions after manufacture and also to the composition of
the meal as measured by the moisture-plus-oil content.

Note: The continued interest and aid given this research by the State Feed Laboratory, California Department of Agricul-
ture, is gratefully acknowledged. We are particularly indebted to Van P. Entwistle and the late William L. Hunter for
the proximate analysis values reported.

Acknowledgment is also made to the staff of the College Park and Boston laboratories of the Bureau and particularly
to Dr. Hugo Nilson for his collection and preparation of fish meal samples used in this study. M. E. Stansby of the
Seattle Technological Laboratory furnished many helpful suggestions.

LITERATURE CITED
GRAU, C. R., and WILLIAMS, M. A. GRAU, C. R., and CARROLL, R. W.
1955. Fish Meals as Amino Acid Sources in Chick 1958. Evaluation of Protein Quality. Processed Plant
Rations. Poultry Science, vol. 34, no. 4 Protein Foodstuffs (A. M. Altschul, editor),
(July), pp. 810-817. Academic Press Inc., New York, N. Y.,

chap. 7.




